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Abstract 
The potential of ultrasound biomicroscopy (UBM) images to evidence the alterations occurring in skin tissues affected by 
cutaneous carcinomas was studied. The histological patterns associated to these carcinomas can vary considerably between 
patients, involving diverse atypical tissue constituents which should be identified in UBM images, considering the perspective of 
applying this technique as a diagnostic tool. The study was conducted using in vitro fresh human tissue samples, obtained from 
biopsied volunteer patients. The UBM images were generated as in the conventional B-mode, and acquired with an experimental 
system working in a fundamental frequency of 45 MHz. Distinct tissues constituents, normal or pathologic, were identified in the
UBM images by variations in the image brightness level, and could be observed in most of the studied cases. Moreover, the 
brightness characteristics associated to each tissue constituent seem to repeat along the different studied samples. Although the
differentiation between the diverse structures was possible by a qualitative analysis, additional quantitative techniques (related to 
tissue acoustic, statistical and spectral properties) are been implemented, to improve the UBM diagnostic capability. 
PACS: 87.85.Pq; 87.63.D-; 87.63.dh 
Keywords: cutaneous carcinomas, images, ultrasonic biomicroscopy. 
1. Introduction 
Ultrasound biomicroscopy (UBM) is a technique that allows non-invasive imaging of biological tissues in vivo.
The method for image reconstruction is the conventional B-mode, and the use of high frequencies, between 20-
200 MHz, permits improvements in the image resolution, achieving levels of few tenths of micrometers. On the 
other side, the increase in frequency produces greater attenuation in the acoustic waves propagating in the medium, 
reducing their penetration to few millimeters, and leaving the technique suitable for the visualization of superficial 
external or intracavitary structures [1]. 
The studies involving dermatological applications of UBM have gained attention due to the compatibility 
between the technique possibilities and the cutaneous characteristics: firstly, the skin is an exposed organ, 
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facilitating the access of the ultrasound probe; secondly, the typical resolutions achieved with UBM images are 
compatible with many structures present in this organ; and thirdly, the depth range of UBM images is enough for 
visualizing the epidermis and dermis layers, and in some cases even a portion of the hypodermis. The works 
developed in this area include qualitative image analysis, as well as the computation of acoustic, statistical and 
mechanical parameters [2]-[4]. 
Cutaneous carcinomas (CC) are the most incident skin tumor, and the main causing factor is the prolonged sun 
radiation exposure. The CC consist in the growing of atypical cells, originated from the epidermal cells or from the 
cutaneous annexes cells [5]. Generally, the tumor cells grow invading the dermis, and can be attached to the deep 
cutaneous layers, except in the cases of Bowen’s disease (see ahead). When these cells are originated from the basal 
layer of the epidermis or from the hair shaft, the carcinoma is denominated basal cell carcinoma (BCC). When these 
cells are originated from the squamous layer of the epidermis, the carcinoma is denominated squamous cell 
carcinomas (SCC); an especial case occurs in the case of Bowen’s disease, where the tumor develops from the 
squamous cells, however growing in situ, without invading the dermal tissue. Each kind of CC presents its own 
histological characteristics, and moreover, even for the same kind exists histological diversities, such as: cell 
atypicality level; layers compromised by the tumor; distribution pattern of the tumor masses; presence of another 
components associated to the tumor like stroma or inflammatory infiltration; formation of structures like horn cyst 
or horn pearl (for BCC or SCC, respectively); collagen fibers condition, among others. 
The present work evaluates the potential of UBM images to distinguish the diverse histological characteristics 
found in CC, using in vitro tissue samples. Through qualitative image analysis it was possible to observe many of 
the components present, which were differentiated by variations in the brightness level (ultrasonic backscatter level). 
These variations are due to modifications on the concentration and distribution of the scatterer elements, that in skin 
tissue consist fundamentally of collagen fibers and cellular nucleus (because of their acoustic impedance mismatch 
to the aqueous medium, and their adequate size to scatter the acoustic waves at the used frequency levels), [6], [7]. 
The results were evaluated through comparison with the similar images observed by light microscopy. 
2. Material and Methods 
2.1. Tissue Samples Manipulation 
The present study was conducted using in vitro tissue samples obtained from patients of the Dermatology Sector 
of the Gaffrée & Guinle University Hospital (HUGG). The biopsies were done for routine diagnostic purposes, and 
additionally used in the present research under the patients’ consent. Following tissue excision, the sample was kept 
fresh, without the addition of any chemical substance, and transported to the ultrasound laboratory for image 
acquisition. This method was authorized by the HUGG Research Ethical Committee and the Research Ethical 
National Commission. 
2.2. Ultrasonic Biomicroscopy System 
An experimental system, constructed in the Ultrasound Laboratory of the Biomedical Engineering Program – 
Federal University of Rio de Janeiro (UFRJ), was used for image acquisition. The UBM system works with a 
fundamental frequency (ff) close to 45 MHz, and the image axial and lateral resolutions are around 25 and 90 µm, 
respectively, with a penetration depth of about 2 mm. 
The UBM system performance is similar to that described in [8], except by two differences involving the 
transducer and the logarithmic amplifier. In this work, a monoelement PVDF transducer (Capistrano Labs, 
California, USA), which has a focal distance of 12 mm and an active area diameter of 5 mm, was used. The 
logarithmic amplifier (HLVA-100, FEMTO Messtechnik GmbH, Germany) has an input range of 2 VPP, 80 dB of 
dynamic range, and at the output gives the envelope of the radio-frequency signal, with a maximum amplitude level 
of 1 V. 
During the image acquisition the tissue sample is positioned on a sapphire reflector disc and maintained fixed in 
the position using a PVC membrane (Fig.1). The assembly is placed inside an acrylic reservoir, filled with saline 
solution, which acts as a coupling medium between the sample tissue and the transducer.  
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Fig.1  Diagram of the assembly used for the acquisition of UBM images. 1: transducer; 2: sample tissue; 3: sapphire; 4: PVC film; 5: saline 
solution.
2.3. Optic Microscopy
The histological analysis included the studied samples prepared by conventional method in the Pathologic
Anatomy Sector of the HUGG, for image comparison. This method includes fixation, paraffin embedded,
microtomy and hematoxilin-eosin coloration. The resultant histological preparations were observed by a light
microscope (CX41, Olympus, Philippines) and registered with a conventional photographic camera (COOLPIX 885,
Nikon, Japan).
3. Results
The typical appearance of normal skin tissue imaged by the UBM system is shown in Fig.2. The epidermis is
visualized as a narrow hyperechoic line, and the dermis (consisting fundamentally of collagen fibers) as a regularly
echoic mass; both separated by a very narrow dark line. The hypodermis, when visualized, has a hypoechoic aspect
and is separated from the dermis by an irregular poorly defined border. A total number of eighteen CC cases were 
analyzed in this work, consisting of fourteen BCC, two SCC and two Bowen’s disease.
Fig.2 UBM image of normal skin tissue sample. 1: epidermis; 2: dermis; 3: hypodermis. The spacing between the lateral markers in UBM image
is 100 Pm.
In Fig.3 it is presented one case of ulcerated BCC, where the tumor mass shows a hypoechoic aspect. The
reduced echogenicity may be due to the cellular nucleus size not being large enough to produce strong scattering of
the acoustic waves, in the frequency range used. Moreover, the tumor mass is surrounded by the stroma, which
consists of numerous fibroblasts and acid mucopolysaccharides, that generates a reduced backscatter level, giving
thus an anechoic aspect. In the shown case, a growing of epidermal prolongation inside the dermal tissue is also
observed, which appears with the same hyperechoic aspect of a normal epidermis (similar structure).
In Fig.4 is presented a case of superficial BCC, where the histological characteristics have a very different pattern
when compared to the previous one. In this case, the tumor masses grow joined to the epidermis, which in the UBM
images gives an appearance of enlarged and irregular epidermal aspect. Additionally, stroma is present in the
superficial dermis, giving a hypoechoic appearance in this region.
In Fig.5 it is shown a SCC case, where the tumor mass occupies a major part of the superficial dermis, and
presents an echoic characteristic. The difference between the hypoechoic aspect observed in the BCC (Fig.3) and the
echoic one in the case of SCC, may be due to the major nucleus’s size found in these cells, that could produce more
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acoustic scattering at the used frequency ranges. Another factor is the tendency to keratinitation of the atypical
squamous cells that might enhance the scattering, once keratin is an acoustic reflective material [9]. 
Fig.3  Ulcerated BCC tissue sample imaged by UBM technique (a) and light microscopy (b). 1: tumor mass; 2: stroma; 3: epidermal growing; 4: 
bleeding. The spacing between the lateral markers in UBM image is 100 Pm.
Fig.4  Superficial BCC tissue sample imaged by UBM technique (a) and light microscopy (b). 1: epidermis with added tumor masses; 2: stroma;
3: inflammatory infiltrate. The spacing between the lateral markers in UBM image is 100 Pm.
Fig.5  SCC tissue sample imaged by UBM technique (a) and light microscopy (b). 1: tumor mass; 2: glands. The spacing between the lateral
markers in UBM image is 100 Pm.
Fig.6  Bowen’s disease tissue sample, imaged by UBM technique (a) and light microscopy (b). 1: horn layer; 2: tumor growing; 3: inflammatory
infiltrate. The spacing between the lateral markers in UBM image is 100 Pm.
In Fig.6 it is shown a Bowen’s disease case, where the epidermal tumor characteristics consist of pronounced
acanthosis, with loss of the epithelial polarity (disorganized cell pattern) due to the presence of atypical squamous
cells, and elongation and thickening of the epidermal ridge. In the UBM images, this epidermal disorder and the
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cells atypicality give a hypoechoic aspect, with a relative well-defined separation between epidermis and dermis, as 
the epidermal basal layer is preserved. The horn layer is thick (consisting of parakeratotic cells) and shows a 
hyperechoic aspect. The upper dermis presents an inflammatory infiltrate, reducing in some degree the echogenicity 
in this area. 
4. Discussion and Conclusion 
In the BCC studied cases, the characteristics of echogenicity seem to be present for each histological component 
(i.e., for tumor mass, stroma, inflammatory infiltrate, etc.). For SCC, no other similar case was studied, thus being 
not possible, up to now, to establish a clear correlation between histological components and echogenicity levels. 
The histological characteristics of Bowen’s disease have a low degree of variation between the cases and, in UBM, 
images were evidenced for the two observed biopsies; this fact seems to reflect the potential of UBM images to 
characterize this tumor type. 
Cases of BCC, SCC and Bowen’s disease were observed in [10], where the tumor areas were seen for the major 
part of the cases as hypoechoic structures, and in some others as structures with mixed echogenicity. Elsewhere, in 
the referenced work the images were acquired with a ff of 20 MHz, which may result in a limited resolution to 
differentiate between the tumor mass and the others associated components. No other works using higher 
frequencies in this sense were found in the literature and therefore, it was not possible compare the results here 
obtained. 
For the studied cases, good correlation was observed among the UBM and the light microscopy images; and the 
echogenicity levels seem to correlate well with the histological components. Additional work should be carried on, 
to establish a more solid correlation between UBM and histological characteristics. Presently, additional quantitative 
methods, like calculation of tissue acoustic, statistic and spectral parameters are being implemented, in an attempt to 
improve the UBM diagnostic potential. 
5. Acknowledgements 
To the CAPES, CNPq and Organizing Committee of ICU 2009 for the financial support. To the staff of 
Dermatology Sector, and Pathologic Anatomy Sectors of the HUGG. 
References 
[1] F. S. Foster, C. J. Pavlin, K. A. Harasiewicz, D. A. Christopher, D. A. Turnbull, “Advances in ultrasound biomicroscopy,” Ultrasound in 
Med. & Biol., vol. 26, pp. 1-27, 2000. 
[2] D. H. Turnbull, B. G. Starkoski, K. A. Harasiewicz, J. L. Semple, L. From, A. K. Gupta, D. N. Sauder, F. S. Foster, “A 40-100 MHz B-
scan ultrasound backscatter microscope for skin imaging,” Ultrasound in Med. & Biol., vol. 21, pp. 79-88, 1995. 
[3] B. I. Raju, K. J. Swindells, S. Gonzalez, M. A. Srinivasan, “Quantitative ultrasonic methods for characterization of skin lesions in vivo,” 
Ultrasound in Med. & Biol., vol. 29, pp. 825-838, 2003. 
[4] M. Vogt, H. Emert, “Development and evaluation of a high-frequency ultrasound-based system for in vivo strain imaging of the skin,”
IEEE Trans. Ultrason., Ferroelect. Freq. Cont., vol. 52, pp. 375-385, 2005. 
[5] W. F. Lever, “Histopatologia de la piel,” Inter Médica, Buenos Aires, 1979. 
[6] A. S. Tunis, G. J. Czarnota, A. Giles, M. D. Sherar, J. W. Hunt, M. C. Kolios, “Monitoring structural changes in cells with high-frequency 
ultrasound signal statistics,” Ultrasound in Med. & Biol., vol. 31, pp. 1041-1049, 2005.  
[7] B. I. Raju, M. A. Srinivasan, “Statistics of envelope of high-frequency ultrasonic backscatter from human skin in vivo,” IEEE Trans. 
Ultrason., Ferroelect. Freq. Cont., vol. 49, pp. 871-882, 2002. 
[8] L. I. Petrella, C. J. Martins, H. A. Valle, P. R. Issa, W. C. A. Pereira, J. C. Machado, “Estudo qualitativo de doenças cutâneas por 
biomicroscopia ultra-sônica,” Anais do XXI CBEB, vol. 1, pp. 1-4, 2008.  
[9] D. Rallan, C. C. Harland, “Ultrasound in dermatology – basic principles and applications,” Clin. Exp. Dermatol., vol. 28, pp. 632-638, 
2003. 
[10] B. D. Fornage, M. H. Mc Gavran, M. Duvic, C. A. Waldron, “Imaging of the skin with 20-MHz US,” Radiology, vol. 189, pp. 69-76, 1993. 
L.I. Petrella et al. / Physics Procedia 3 (2010) 761–765 765
